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lETEODUCIWN

At the request of the Durebax of Aeronautics, Navy Department,
An engine cylinder barrel with aluminum fins was tested (reference
1). The teds showed that the thermal bond between the fins and the
aluminum base was very good and that the bond between the aluminum
base and the steel barrel was Batisfactcry. The tests further showed
that the mechanical bonds between the qylinder parts would probably
be satisfactory.

The present report presents the results of tests made on two
more enqine cylinder barrels with aluminum fins. The method of
attaching the fins tc the eteel for these barrels is similar”to
that of thf3 b-cl described In reference 1, The two barrels, the
results for which exe to be presented herein, were manufactured by a
method to be used in the factcry protection of large numbers of
engine barrels. The purpose of the tests waa to determine the heat-
transfer coefficients nnd the excellence bf the bonds between the
aluminum fine and tie aluminum base and between the aluminum Wfie
and the steel of the two barrels when manufactured by a large-volume
production method. The tests were made at the request of the Bureau
of Aeronautics, IhzvyDepartment.

The apparatua and methods used to teat the two barrela were
similar to those used to test the hrrel desoribed in reference 1.
The fin spacing cnd thickneaa were the acme on the two barrela r-
ported herein as for the barrel taeted in reference 1, but the fin
width waa 0.4% inch or 1./16inch greater then that for the first
barrel. One of the barrela Is shown In figure 1. Thermocouples
were atta&ed to the steel barrel by the method C of reference 1,
using two plugs for eaoh thermocouple.



2

KMULTSMD DISCUSSION

Heat-Transfer Tests

The experimental over-all heat-transfer coefficients of the
two barrels based on the temperature difference letween the steel
and the cooling air and the tcurperatwe difference between the
aluminum base end the cooling air are shown in figure 2. One
barrel ehcws a%out a 5 peroent better heat transfer than the other
barrel. No difference in the coefficients could be observed when
either the temperature of the steel or the temperature of tho aluminum
base was used for either barrel. This indicates that the bond.b~
tween the steel and the aluminum base of both barrels Is very good.
!l!hecurves for both barrels were approximately 17 percent higher than
the calculated curve for aluminum fins cast integrally. This dif-
ference is greater than that usually obtained between eqorimental
and calculated results. The tests of one barrel werei therefore,
repeated and the same result obtained. For very short finsr v9ry

wide flns~ or fins close together it has been observed that the chec’k-
Ing of eqerimental results with calculated results is more difficult
than with fins of normal proportions. The comparison of the experi-
mental results with the calculated results of figure 2 serves the pur-
pose of indicmttig that the bond between the fins and the aluminum
base is very good.

Yigure 3 shows the results of the tests on the barrel reported
in reference 1. This barrel had a fin width of 3/g inch, and co-
parison of tho experimental heat-transfer coefficients of figure 3
with those of the two barrels of figure 2 ehowe that adding 1/16 inch
to the fin width Increased the coefficients of the two bnrrels apymxi-
mctely 20 percent. Any addition of width to short fins improves the
heat transfer appreciably. The difference between the calculated
coefficients for the 0.43%inch and 0.375-inch fin widths is ~proxi-
mately 15 percent.

Calculations have been m?de of the gain to be expected in heat
transfer and the decrease in finwei~t by using aluminum instead of
steel fins of the proportions of the ftis on the two barrels reportod
herein. The increase in heat transfer is approximately 16 percent,
and the decrease in fin weight 41 percent. As noted in reference 1,
an appreciable Increaee in hoat transfer can he obtained with the
pressure differences mailc.ble for COOMM in flight by using a wider
space between the fins than 0.052 inch. T3ms, changing the fin epece
of the pretientbarrele from 0.052 to O,@ inch at a pressure difference
of 4 inches of water will increase the heat trmsfer about 16 percent
and decrease the fin weight approximately 20 percent.
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‘ Physical !Cest8

One barrel was cut h half and one half was out in q-ters in
order to determine how good the bonds between the-steel aud the
aluminum base and between the fins and the aluminom baBe were mechani-
cally. One edge of one of the qxmtere was polished and etche& and
the result shown in figure 4. The outllne of the fins in the aluminum
base shows w about the same as for tho barrel tested in reference 1.
!Chemechadcal bond botweon the fin6iand the aluminum base was con-
sidered satisfactory In the case of the barrel of reference 1, so that

\ it can be concluded that such will be the caso for the barrels rS
ported herein.

The steel was then pried loose from the aluminum of the qwter of
the barrel that was not etched. In the past, a half of a barrel has
been ueed for this particular tent. The qwter section was used in
the present test because the half section is to be used in tests to
develop an wpprntue to determine qulcldy the thermal bond between the,
steel and al.umlnumof a large number of these barrels. Tho force r-
qulred to remove the steel from the ehminum of the quarter section
was much less than for the half sections previously used (refarence
1), but it is thou@t that for a complete barrel with the strengthonlng
provided by the fins no trouble should be experioncod mechnnicall~.

00NCLUSIO17S

1. Heat-transfer tests indicate tit the thermal bonds between
the aluminum fins end tho aluminum bnse and between the dumirrum base
and the steel for the two barrels tested are very good.

2. !ChOetching tests indicate that the mechadcr.1.bond between
the fins and the aluminum base for the two barrels is nbo.utthe samo
as for the barrel.tested in referonco lS which wr.sconcidored sr.tls-
faotoly.

3. The mechcmical bond between the steel and nluminum base
should be satisfactory in a complete burel.

4. The tests indicate thr.tthe method of manufacture to be used
in large-volume production of those barrels should be satisfactory.

i. .-—. -———. ____ __
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5. The addition of l/l&inoh width to aluminum fins 3/g inoh
wide inoroased the heat-trcmsfer ooeffioient of the test oylinders
20 peroent. .

bngl~ Memrial Aeronautical Laboratoq,
Ehtdonal Adviso~ Committee for fw-onnutios.

-q fid& Vs., kugust 120 1940.

1. Xllorbrock, He~ H.~ Jr.: He.at-!hwnaferTests of a Steel
Ogltider Barrel with ELumlmm l’inawith Improved Bonding
between Steel krxel md Aluminum Base. NACA Hem. rep.,
Jid.y17, 1940. .
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Figu,re 1. - Cylinder barrel.
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Figure 2. - Comparison of over-all heat-transfer coefficients of test cylinder
with calculated coefficients. Fin width, 0.438; fin thickness, 0.025; fin
space, 0.052.
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Figure 3. - Comparison of over-all heat-transfer coefficients of test cylinder with cal-
culated coefficients, Fin width, 0,375; fin thickness, 0.025; fin space, 0.052.
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Figure 4. - Polished and etched section of cylinder showing fin outline.
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